the architect the information he required for his final working drawings for joinery, light fittings, wall and floor finishes, &c.
As the work in the theatres progressed meetings of the planning committee became less frequent and those of the commissioning and working groups more so. Finally, after the planning committee had decided on the date of occupation, two subsequent meetings were held to clear up any unfinished business and to approve the 'extras' which occurred at the last minute.
While the four-theatre suite was being constructed at City Road, a two-theatre suite was being constructed at Holborn; the Ministry had agreed to provide the finance for this scheme, probably as a result of the private donation for the major effort. The Holborn theatre planning committee agreed to accept the recommendations of the City Road comnmittee on such matters as sterile supply procedures, operating microscopes and television and this simplified the planning. By good fortune the Board were able to persuade the Ministry of Health to use the Bovis Fee System for the construction of the Holbom theatres, once again avoiding the need for competitive tendering. It so happened that the Ministry wished to find a reason for trying the Bovis Fee System and the Moorfields scheme came just at the right moment. The Holbom theatres were also constructed in approximately one year.
The total time of planning, execution and commissioning for both branches was approximately two years. Although the methods used were by Ministry standards very unorthodox, they appeared to have worked well although not perfectly; their success may be judged from the papers presented by the users at this meeting.
Mr N S C Rice and Dr J Harry (Institute ofOphthalmology, London) Ophthalmic Operating Theatre Design:
Methods of Sterilization
Sterilization means the complete destruction of all types of micro-organisms, and it is an essential requirement of any method used to bring this about that no damage is inflicted on the materials subjected to the process. This requirement is of particular importance in ophthalmic surgery where increasing use is being made of heatdestructible materials and where the importance of maintaining the integrity of the fine points and the cutting edges of many of the delicate instruments now available needs no emphasis.
The building of the new operating theatres at the City Road branch of Moorfields Eye Hospital prompted a critical assessment of the available methods of sterilization, and it is the object of this communication to consider the reasons which have led to the adoption of a system which we believe is most suited to the needs of the hospital.
Sterilization by Moist Heat
Boiling water: This procedure is unsuitable for sterilization since the destruction of bacterial spores is not certain and cutting instruments may be damaged by turbulence and handling. Also, the steam released into the theatre sterile supply unit (TSSU) would have been unacceptable in a positive pressure air-conditioning system. Steam under pressure: Steam under increased pressure is biocidal, the efficiency of the steam as a sterilizing agent being due to its condensation which is accompanied by liberation of latent heat, reduction in volume and deposition of moisture. This is, from the bacteriological viewpoint, a most satisfactory method of sterilization and it was hoped that it would have been possible to sterilize the bulk of equipment and materials in a highvacuum autoclave. Unfortunately, it was found that-sufficient moisture was retained to cause corrosion of carbon steel when wrapped, sterile instruments were stored for any length of time and, since it is essential in our system to store instruments after sterilization, it was evident that autoclaving was unacceptable as a method for sterilizing metal instruments. It is, however, the routine method for sterilizing trolley tops, glove and gown packs, and sutures and dressings which are supplied from the central sterile supply department (CSSD).
It was obvious that under certain circumstances it would be necessary to sterilize an instrument quickly and without delay (e.g. the 'dropped instrument') and it was considered that a highspeed downward displacement autoclave installed in the TSSU would most readily fulfil this need. It should be emphasized, however, that in using this method instruments cannot be placed in a sealed wrapping and are wet when removed from the sterilizing chamber.
Sterilization by Dry Heat
Dry heat kills micro-organisms by causing oxidative destruction of their protoplasm. High temperatures, above 150°C, are required as destruction of bacterial spores does not occur below 140°C. It is the usual and recommended practice to sterilize in dry heat at 160°C for one hour, but it has been our experience that under these conditions the cutting edges of many of the fine metal instruments are damaged, and consequently there has been increasing dissatisfaction with the 54 method. The manufacturers of the surgical instruments are well aware of this problem, and it is of interest to note that Grieshaber recommend that their instruments be sterilized at 120°C for half an hour; this is, of course, quite unacceptable to a bacteriologist. It was considered by us that if the oven temperature were reduced and the time of exposure lengthened then a state of compromise could be reached whereby sterility would be guaranteed and most of the fine instruments would not be damaged, and it is now our practice to use the hot air ovens at 150°C for 1 hours. At this time and temperature it is found that the large bulk of metal instruments suffer no significant damage. It is essential, however, to use an oven with a circulating fan to avoid serious temperature differences in the chamber during sterilization, and in our hospital, as an added precaution against over-heating, an automatic temperature-operated time switch has been added. The racks containing the larger sets of instruments are placed in closed stainless steel boxes which in turn are wrapped in Kraft sterilizing paper bags; smaller sets are packed in foil trays and a plastic wrapping while individual instruments are double-wrapped in plastic material. After sterilization the wrapped instruments are stored until required for use.
There remained the problem of sterilizing not only the very delicate surgical instruments such as fine knives and needles, corneal trephines and micro-surgical instruments, but also heat-destructible materials such as plastics and lenses, &c.
Chemical Sterilization
With a few exceptions chemical agents do not kill bacterial spores in the times and concentrations at which they are expected to act and therefore cannot be classified as sterilizing agents. Glutaraldehyde does, however, have a remarkably wide range of biocidal activity and is probably one of the most satisfactory of the chemical agents, but with this compound as with other chemicals there is always the risk of introducing a dangerous and highly irritant substance into the eye if it used for the sterilization of instruments. The biocidal action of formaldehyde is critically dependent on the relative humidity, which must be at least 75 %, and in the traditional method of using paraform tablets which slowly liberate formaldehyde it is important that the temperature is at least 60°C, the humidity is high and the time of exposure is not less than twenty hours; such a method is rather cumbersome besides being unreliable.
The biocidal activity of ethylene oxide is related to its power of alkylating proteins and nucleic acids. The vapour will destroy all micro-organisms, including spores, when present in an atmosphere of moderate concentration, the time required depending on the temperature, which if raised will accelerate the process; humidity is also an important factor. Ethylene oxide is inflammable and explosive and to achieve ideal and safe conditions sophisticated and costly equipment is necessary. This method, however, does at the moment provide an answer to the problem of sterilization of the very delicate instruments and heat-destructible materials, and an ethylene oxide sterilizer which has been installed in the CSSD fulfils the purpose. It is essential that all instruments and materials be thoroughly clean and free from contamination with saline before sterilization. The gas must obviously be allowed to penetrate to the articles to be sterilized and correct wrapping is therefore most important; some equipment and instruments are placed in a plastic box with holes in the wall and this is then either wrapped in CSS paper or placed in a Kraft sterilizing paper bag while other articles are doubly wrapped in a similar manner. It is the current practice at the hospital to allow instruments and materials which will only touch the body tissues to be returned ready for use following removal from the sterilizing chamber, but materials which are to be embedded in the tissues and also tubing which may be used for irrigation are given a 'shelf-life' of two days to allow for the vaporization of ethylene oxide and its toxic products. Frequent bacteriological testing of the sterilizer using the method developed by Kelsey (Beeby & Whitehouse 1965) is essential since in contrast to heat sterilization no physical methods to judge the efficacy of ethylene oxide sterilization are as yet available.
Summary
The methods adopted for the supply of sterile equipment and instruments to the new operating theatres at the City Road branch of Moorfields Eye Hospital are as follows:
(1) High-vacuum autoclave (in the CSSD) for all packs and dressings.
(2) Hot air ovens (in the TSSU) used at 1 50°C for 1 I hours for most instruments.
(3) Ethylene oxide sterilizer (in the CSSD) for fine, delicate, sharp metal instruments, and heatdestructible materials.
(4) High-speed downward displacement autoclave (in the TSSU) for instruments requiring rapid sterilization. REFERENCE Beeby M M & Whitehouse C E (1965)J. appl. Bact. 28, 349 Professor Barrie R Jones (Institute of Ophthalmology, London) read a paper on Teaching Requirements.
